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(57) Abstract 

The present invention relates to a tempering system and method for use in the heat treatment of elongate strip material of the type 
used in for example band saw blades. The apparatus (1) comprises an elongate furnace (2) for heating a continuous length of bi-metal 
strip (4) held by and transported by a series of rollers (6). At each end (8, 10) of the furnace (2) are quenching zones (12, 14) for cooling 
rapidly the strip metal (4) as it exits each side of the furnace (2). The rollers are arranged so that a strip of bi-metal held on a supply coil 
(15) passes through the furnace (2) a first time, through a first quenching zone (12) at one side of the furnace (2) and out of the furnace 
and into a second quenching zone (14); around a further return roller (17) and back through the furnace (2) for at least a third time. It is 
then quenched by the quenching zone before being coiled up on a finish coil. The apparatus (1) may be provided with a hardening heating 
unit (19) placed between the supply coil (15) and the first quenching zone (12) of the system. 
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METHOD AND INSTALLATION FOR TEMPERING METALLIC STRIPS 
The present invention relates to a tempering system and 
apparatus for use in the heat treatment of metal materials 
and in particular elongate strip metal of the type used in 
5 for example band saw blades . 

The conventional and known method of heat treating saw blades 
involves firstly hardening the material at very high 
temperatures e.g. 1200 °C followed by quenching and then 
10 placing in a tempering furnace and soaking at a temperature 
below the critical temperature e.g. 550°C for a number 
typically three of predetermined, e.g. two hour periods, each 
soak being followed by quenching so as to increase the 
hardness by so-called secondary hardening. 

15 

The conventional method is essentially a batch process and 
involves the uncoiling of a typically 500 feet (152.4m) long 
coil of band saw material and passing this through the first 
hardening or austenitising process in a continuous flow 

20 process, and then coiling up again into a roll. The coils 
are then placed in the tempering furnace for tempering and it 
will be appreciated that in a large roll of material the 
outside of the roll will reach the desired tempering 
temperature more quickly than the core portions resulting in 

25 outer portions receiving a longer period at the tempering 
temperature and thereby uneven tempering of the material and 
inconsistent results. To seek to overcome this problem the 
winding on the coil is reversed - u coil reversing" . 

30 Conventional methods involving n coil reversing" between 
tempering operations can give rise to chipping of teeth on 
the band saw. 
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It is an object of the present invention to avoid or minimize 
one or more of the foregoing disadvantages. 

5 It has now been found that at least equivalent, if not 
superior, properties and performance of high speed steel 
(HSS) can be achieved by changing from typically three two 
hour tt soaking" periods at 550/560 °C to a similar number of 
much shorter cycles e.g. 5 mins at somewhat elevated 
10 tempering temperatures which are somewhat higher than 

conventional tempering temperatures e.g. in the range of 550- 
600°C, with each heating stage being followed by quenching, 
in a continuous process tempering of elongate strip material 
such as band saw blades. 

15 

Thus the present invention provides a tempering system for 
use in the heat treatment of elongate strip metal, which 
system comprises material heating means formed and arranged 
for heating material to be treated to a tempering temperature 

20 in a heating zone thereof; material quenching means for 
cooling material heated to said tempering temperature; and 
material transport means for conveying substantially 
continuously a substantially continuous elongate length of 
said material to be heat treated sequentially through said 

25 heating zone and said material quenching means, so that said 
material is heated to said tempering temperature for a 
predetermined tempering period as it passes through said 
heating means and is substantially cooled and hardened upon 
passing through said quenching means. 

30 

Thus with a tempering system according to the present 
invention a very long length of elongate strip material may 
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be rapidly and safely tempered in a substantially continuous 
"in-line" process. Advantageously the tempering system of 
the invention is formed and arranged so as to provide at 
least two tempering cycles, for example by providing a series 
5 of successive tempering heating zones and quenching means or 
by recycling the strip one or more times through a single 
tempering heating zone and quenching means. 

Preferably said tempering system is coupled in-line with a 
10 hardening system having a material hardening heating means 
for heating said material to a hardening temperature; said 
hardening heating means and said tempering system being 
spaced apart by a quenching zone; whereby said material to be 
treated passes from said hardening heating means via said 
15 quenching zone to said tempering heating zone of said 
tempering system. 

The hardening heating means is formed and arranged to heat 
strip metal passing therethrough to a substantially elevated 
20 temperature above the critical temperature of the metal so as 
to transform the metallurgy of the metal to austenite. 

Preferably said tempering temperature is any temperature 
below the critical temperature, that is the temperature at 

25 which there is a change in the metallurgical structure so 
that the retained austenite in the material is transformed to 
martensite. Preferably the tempering temperature for use 
with the system according to the invention is in the range of 
550° to 650°C, desirably 580-610°C. The hardening 

30 temperature is preferably in the range of 1100 to 1200°C 
desirably 1150-1190°C. 
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Desirably said material transport means of said tempering 
system is formed and arranged with a material transport means 
of said hardening means so that material passes through said 
5 hardening means first and once only before entering the 
tempering system. 

Preferably metal material, having been first heated in said 
hardening heating means and quenched in said quenching zone 
10 between said hardening heating means and said material 

heating means passes through said tempering heating zone at 
least twice, desirably three though it may be passed up to 
six times depending on material mass and size and is quenched 
after each successive pass therethrough. 

15 

Preferably said tempering heating zone of said material 
heating means comprises a single elongate furnace means 
provided, at each end thereof, with a quenching zone of said 
quenching means and material transport return means for 

20 recycling material exiting a said end of said tempering 
heating zone and quenched in said quenching zone, back into 
the tempering heating zone of said tempering heating means, 
whereby said successive passes through said tempering heating 
zone and exposure to said tempering temperature and rapid 

25 cooling by quenching in said quenching zone cause said 
material to exhibit secondary or precipitation hardening. 

Preferably said material transport means comprises at least 
one of material pull through apparatus; turntable; wind up 
30 system; coiling and uncoiling apparatus and a plurality of 
roller guides formed and arranged for guiding metal material 
to be treated held in an untreated coiled form through said 
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respective hardening, tendering and quenching zones and into 
a second treated coiled form. Desirably said material 
transport means and said heating means and quenching means is 
formed and arranged so that two lengths of elongate strip 
5 metal may be processed more or less continuously and 
simultaneously in side-by-side, parallel relation. 

Generally the tempering furnace means has a length of 
approximately 40 to 50 feet (12 -15m) though longer or shorter 
10 furnace means may be used depending inter alia on the strip 
transport speeds used and tempering heating zone residence 
requirements . 

Said tempering heating zone of said material heating means is 
15 preferably formed and arranged to heat material to be treated 
up to a temperature in the range of 550 to 650°C. Said 
material transportation means is preferably formed and 
arranged for exposing said material to be treated to said 
tempering temperature in said tempering heating zone of said 
20 material heating means for a period of time of from four to 
thirty minutes, desirably five to 15 minutes depending on 
material mass and size, during the or each passage 
therethrough . 

25 Preferably said quenching means are formed and arranged for 
cooling rapidly material exiting said tempering zone to a 
generally ambient temperature . Any suitable type of 
quenching means known in the general state of the art, such 
as water, oil or blasted chilled air, may be used. 

30 

In another respect the present invention provides a method of 
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tempering continuous extended lengths of strip metal 
comprising the steps of subjecting said strip metal to at 
least one, preferably two, tempering cycle, each said 
tempering cycle comprising feeding said strip metal through a 

5 tempering furnace in a substantially extended form, for a 
short period of time at an elevated tempering temperature, 

- sufficient for tempering said strip metal without softening 
thereof, and then through a quenching means. 

10 In a further respect the present invention provides a method 
of heat treating elongate strip metal, so as to increase its 
hardness which method comprises the steps of: 
providing a tempering system according to the invention; 
passing said material more or less continuously through said 

15 material heating means and said quenching means sequentially 
by said material transport means so that said material is 
heated to a tempering temperature for a more or less 
predetermined period of time and cooled more or less rapidly. 

20 Preferably said method includes an additional first step 
prior to heating to said tempering temperature of heating to 
a substantially elevated hardening temperature and quenching. 

Further preferred features and advantages of the present 
25 invention will appear from the following detailed description 
given by way of example of a preferred embodiment illustrated 
with reference to the accompanying drawings in which: - 
Fig. 1 is a schematic diagram showing a band saw strip 
hardening and tempering system according to the present 
30 invention ; 

Fig. 2 is a graph showing the temperature profile for a 
length of material tempered by the tempering system shown 
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schematically in Fig. 1; 

Pig. 3 shows a series of photomicrographs illustrating the 
micros tructure of band saw blade strip treated by the system; 
and 

5 Fig. 4 and 5 are graphs showing comparatively the performance 
data of band saw blades treated by the system. 

A hardening and tempering system and apparatus for use in the 
heat treatment of band saw blades is shown in Fig. 1 and 

10 referred to by reference number l. The apparatus 1 comprises 
a furnace 2 for heating a continuous length of bi-metal strip 
4 (27ram x 0.9mm M42 metal) held by and transported by a 
series of rollers 6. At each end 8, 10 of the furnace 2 are 
quenching zones 12, 14 for cooling rapidly the strip metal 4 

15 as it exits each side of the furnace 2. 

The rollers are arranged so that a strip of elongate bi-metal 
strip 4 held on a supply coil 15 passes through the furnace 2 
a first time, indicated by reference Tl, through the left 

20 hand quenching zone 12 at the left hand side 8 of the furnace 
2, around a return roller 16 and back into the furnace 
(indicated by T2) and out of the furnace 2 into a right hand 
quenching zone 14; around a further return roller 17 and back 
through the furnace 2 for a third time (indicated by T3) and 

25 is then quenched by the left hand quenching zone 12 before 
being coiled up on a finish coil 18. 

The furnace 2 has a length of 50 feet and the apparatus is 
arranged to process coils of bi-metal strip upto 500 feet 
30 (152m) long. 
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The apparatus 1 is provided with a hardening heating unit 19, 
placed between the supply coil 15 and the right hand 
quenching zone 14 of the system. The hardening unit 19 
comprises a furnace which heats the strip metal rapidly to an 
5 austenitising temperature of 1180°C. The strip metal is 
quenched in the right hand quenching zone 14 so that it is 
cooled very rapidly so that martensite is formed in the metal 
structure and the metal is hardened. The subsequent passes 
through the furnace are done at a tempering temperature of 
10 590°C. The time any given section of strip material is held 
at the tempering temperature in the furnace is five minutes 
and is determined by the speed at which the bi -metal strip is 
passed through the furnace 2 . 

15 The graph shown in Fig. 2 shows a temperature/distance 
profile for the apparatus shown in Fig. 1. Examples of 
typical operational parameters for the system are given below 
in Table 1. 



20 



TAPER I 



Size 



Speed* 

(ins/min) (m/min) 



Temp (°C) 



Soak Time 



(mm) 



<27.5 x 0.9 80 ff /min (2m/min) 



590° 



5 mins 



41.5 x 1.1 



37"/min (0.94m/min) 575° 
18"/min (0.45m/min) 560° 



10.8 mins 



67.5 x 1.6 



22.2 mins 



* Determined by speed of hardening furnace. 

25 

Total travel length approx 200ft/61m 



WO 98/38346 



-9- 



PCT/GB98/00617 



Time to pass through will be approx:- 



<27.5mm 



= 80" per min 6.66 ft/min 2m/min 
= 37" per min 3 ft/min 0.94m/min 
=18" per min 1.5 ft/min 0.45m/min 



30 mans 



41 . 5mm 



66 mins 



5 67.5mm 



133.3 mins 



Fig. 3 shows the five photo micrographs a - e (x 690 
magnification) illustrating the optical microstructure 
produced in M42 bi -metal bandsaw strip resulting from five 

10 minute tempering at 590°C of metal strip hardened for 2 
minutes at 1180 °C and having a grain size (G/S) of 20/22 
(Pig. 3a) . As will be seen from Fig. 3b-e the microstructure 
transforms gradually after each successive tempering stage 
resulting in a microstructure (Fig. 3e) broadly similar to 

15 the microstructure of bandsaw strip (Fig. 3f ) tempered by 
using known conventional process. 

Fig. 4 is a graph showing the performance data for M42 bi- 
metal bandsaw blade of cutting time against number of cuts 
20 comparing a standard blade heat treated using conventional 
technique (STD H/T) and blades of the invention. It will be 
seen that blades having three and four tempering soaks of 
five minutes at 590°C have improved performance over blades 
tempered conventionally (indicated by STD H/T) . 

25 

Fig. 5 shows a life comparison (indicated by the number of 
cuts) of blades treated using different numbers of soak times 
and length of soak times compared against conventionally heat 
treated materials (STD H/Tl and 2) . 

30 

It will be appreciated that various different hardening 
speeds will be required by different material widths, 
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thicknesses, types and various adjustments may be made to the 
timings and temperatures of the embodiment described herein 
above without departing from the scope of the present 
invention. 

5 

An equation known as the tempering parameter equation 
describes the relationship between the temperature and time 
for tempering of steel. 
P=T(20 + LOGt ) 

10 

where P = the tempering parameter 

T = the temperature in absolute degrees (°C plus 273) 
t = time in hours. 

15 It has been found that a tempering parameter of P - 16347 is 
required to obtain a constant hardness of 67HRC. By 
substituting this value into the tempering parameter equation 
it is possible to calculate the precise temperatures required 
to accommodate the various tempering times required by 

20 materials having different thicknesses, widths, types etc. 
This information can also be used to calculate the 
temperatures that are required by the various different types 
of widths, thicknesses, types of handsaw material. 

25 Fig. 6 shows the relationship between tempering time (t) and 
temperature (T) to achieve a constant hardness of HRC67. 

Fig. 7 is a graph of temperature against speed (ins/min and 
m/min) to achieve constant tempering parameter of 16347 
30 (67HRC) for the in-line tempering of M42 bi-metal bandsaw 
material . 
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CLAIMS 

1. A tempering system (1) for use in the heat treatment of 
elongate strip metal (4) , which system comprises material 
heating means (2) formed and arranged for heating material to 

5 be treated to a tempering temperature in a heating zone 
thereof; material quenching means (12,14) for cooling 
material heated to said tempering temperature; and material 
transport means (6) for conveying substantially continuously 
a substantially continuous elongate length of said material 

10 to be heat treated sequentially through said heating zone (2) 
and said material quenching means (12,14), so that said 
material (4) is heated to said tempering temperature for a 
predetermined tempering period as it passes through said 
heating means (2) and is substantially cooled and hardened 

15 upon passing through said quenching means (12,14) . 

2. A tempering system according to claim 1 formed and 
arranged to provide at least two tempering cycles to an 
elongate strip metal (4) passing therethrough. 

20 

3. A tempering system according to claim 1 or claim 2 formed 
and arranged to provide a series of successive tempering 
heating zones (2) and quenching means (12,14) . 

25 4 . A tempering system according to any of claims 1 to 3 
formed and arranged to recycle said strip (4) one or more 
times through a single tempering heating zone (2) and 
quenching means (12,14) . 

30 5. A tempering system according to any of claims 1 to 4 
which is coupled in line with a hardening system (19) having 
a material hardening heating means for heating said material 
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to a hardening temperature; said hardening heating means and 
said tempering system (l) being spaced apart by a quenching 
zone (14) . 

5 6. A tempering system according to claim 5 wherein said 
hardening heating means (19) is formed and arranged to heat 
strip metal (4) passing therethrough to a substantially 
elevated temperature above the critical temperature of the 
metal so as to transform the metallurgy of the metal to 
10 austenite. 

7 . A tempering system according to any of claims 1 to 6 
wherein said tempering temperature is any temperature below 
the critical temperature where there is a change in the 

15 metallurgical structure of the strip metal whereby retained 
austenite is transformed to martensite. 

8. A tempering system according to any of claims 1 to 7 
wherein said tempering temperature is in the range of from 

20 580 to 610°C. 

9. A tempering system according to any one of claims 5 to 8 
wherein said hardening temperature is in the range of from 
1150 to 1190°C. 

25 

10. A tempering system according to any one of claims 5 to 9 
wherein said material transport means (6) is formed and 
arranged with a material transport means of said hardening 
means (19) so that material passes through said hardening 

30 means first and once only before entering the tempering 
system (1) . 
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11. A tempering system according to any one of claims 5 to 
10 wherein said metal material (4) having been first heated 
in said hardening heating means (19) and quenched in said 

5 quenching zone (14) between said hardening heating means (19) 
and said material heating means (2) passes through said 
tempering heating zone at least twice. 

12 . A tempering system according to any of claims 1 to 11 
10 wherein said tempering heating zone (2) of said material 

heating means comprises a single elongate furnace means (2) 
provided, at each end (8,10) thereof, with a quenching zone 
(12,14) of said quenching means and material transport return 
means (16) for recycling material exiting a said end of said 
15 tempering heating zone and quenched in said quenching zone, 
back into the tempering heating zone of said tempering 
heating means. 

13. A tempering system according to any of claims 5 to 12 

20 wherein said material transport means comprises at least one 
of material pull through apparatus; turntable; wind up 
system; coiling and uncoiling apparatus and a plurality of 
roller guides (6) formed and arranged for guiding metal 
material to be treated held in an untreated coiled form 

25 through said respective hardening, tempering and quenching 
zones and into a second treated coiled form. 

14 . A tempering system according to any of claims 1 to 13 
wherein said material transport means (6,16), said heating 

30 means (2) and quenching means (12) are formed and arranged so 
that two lengths of elongate strip metal (4) may be processed 
more or less continuously and simultaneously in side-by- side, 
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parallel relation. 

15. A tempering system according to any of claims 1 to 14 
wherein said tempering heating zone of said material means is 

5 formed and arranged to heat material to be treated up to a 
temperature in the range of from 550 to 650°C. 

16 . A tempering system according to any of claims 1 to 15 
wherein said material transportation means (6,16) is formed 

10 and arranged for exposing said material to be treated to said 
tempering temperature in said tempering heating zone (2) of 
said material heating means for a period of time of from 4 to 
30 minutes during the or each passage therethrough. 

15 17 . A tempering system according to any of claims 1 to 16 
wherein said quenching means (12,14) are formed and arranged 
for cooling rapidly material exiting said tempering zone to a 
generally ambient temperature, said quenching means being 
selected from the group including water, oil or blast chilled 

20 air. 

18. A method of tempering continuous extended lengths of 
strip metal (4) comprising the steps of subjecting said strip 
metal to at least one tempering cycle, each said tempering 

25 cycle comprising feeding said strip metal through a tempering 
furnace (2) in a substantially extended form, for a short 
period of time at an elevated tempering temperature, 
sufficient for tempering said strip metal without softening 
thereof, and then through a quenching means (12) . 

30 

19. A method according to claim 18 wherein said strip metal 
is subjected to a plurality of tempering cycles. 
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20. A method of heat treating elongate strip metal, so as to 
increase its hardness which method comprises the steps of: 
providing a tempering system (1) according to any one of 

5 claims 1 to 17; passing said material (4) more or less 
continuously through said material heating means (2) and said 
quenching means (12,14) sequentially by said material 
transport means (6,16) so that said material is heated to a 
tempering temperature for a more or less predetermined period 
10 of time and cooled more or less rapidly. 

21. A method as claimed in claim 20 which includes an 
additional first step prior to heating to said tempering 
temperature of heating to a substantially elevated hardening 

15 temperature and quenching. 
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FIG.3C 
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3*TEMPERS @ 590C 

FIG .3d 
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AN 120:82919 HCA 

TI Manufacture of high-tensile steel strip by rapid 
tempering 

IN Chijiiwa, Rikio; Tamehiro, Hiroshi; Tsuruta, Tosha; Fujioka, : Masaaki 

PA Nippon Steel Corp, Japan 

SO Jpn. Kokai Tokkyo Koho, 6 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 05255743 A2 19931005 JP 1992-50890 19920309 

AB A steel contg. C 0.02-0.20, Si .ltoreq.l, Mn 0.5-2.0, P 

.ltoreq. 0. 020, S . ltoreq. 0 . 010, Al . Itoreq. 0 . 05, and N . ltoreq. 0 . 008% 
after rolling is (a) directly quenched or (b) air-cooled to normal temp., 
post-heated, and quenched to give a steel strip having mixed 
microstructure of bainite and martensite. The strip is placed in a 
furnace at 800-1000 . degree . , heated at . gtoreq. 0 . 2 . degree . Is until the 
surface temp, becomes (Al - 200. degree. )- (Al + 100 . degree .) , immediately 
removed from the furnace, and cooled at . gtoreq. 2 . degree . /s . The strip 
has high toughness and is manufd. at low cost. 



AN 1988-351938 [49] WPIDS 

DNN N1988-266549 DNC C1988-156020 

TI Cylindrical steel item heat treatment - involves heating for 
tempering, at increasing tempering temp, so that equal- 
temp- zones form spiral line. 

DC M24 X25 

IN BUKANIN, V A; DEDULYA, I I; PROSTYAKOV, P A 
PA (ELEC-R) ELETROTHERMAL EQUIP 
CYC 1 

PI SU 1397506 A 19880523 (198849)* 3p 

ADT SU 1397506 A SU 1986-4173814 19861231 

PRAI SU 1986-4173814 19861231 

AB SU 1397506 A UPAB: 19930923 

The process comprises hardening by induction heating to 840-930 deg. C. 
and tempering in zones. 

The heating for termpering is done with temp, increasing at the 
perimeter of the cross section, from low tempering tern, to high 
tempering temp., in such a manner that the zones heated 
to equal temp, form spiral lines on the side surface of the cylinder. 

ADVANTAGE - Improved durability of items subjected to torsional and 
bending deformation and shock loads. The surface acquires damping spring 
properties. Time to onset of fatigue cracks is increased by 8-10%. 
Bui. 19/23. 5. 88. 
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TI Continuous steel strip welded section annealing process for 
continuous annealing installation - involves annealing by 
radiation and convection heat from burner provided with permeable 
member consisting of sintered ceramics laminated with sintered metal alloy 
or refractories. 

DC M12 M24 

PA (NISI) NISSHIN STEEL CO LTD 
CYC 1 

PI JP 11181528 A 19990706 (199937)* 5p 

ADT JP 11181528 A JP 1997-363873 19971218 

PRAI JP 1997-363873 19971218 

AB JP 11181528 A UPAB: 19990914 

NOVELTY - A permeable member (62) which consists of sintered ceramics 
laminated with sintered metal alloy or refractories is provided on the 
combustion burner (60) arranged individually to either sides of welded 
section of steel strip (1). The annealing of strip welded 
section is performed by radiation and convection heat. 

USE - Used for annealing of welded section of steel strip, 
in continuous annealing or pickling installation, etc. 

ADVANTAGE - The variation in tempering of the welded 
section of steel strip is eliminated because it is heated 

uniformly. The joining strength is improved and fracture is prevented. The 
combustion temperature is controlled easily since gas of uniform calories 
is supplied to the burner. DESCRIPTION OF DRAWING (S) - The figure shows 
block diagram of anneal installation. (1) Steel strip; (60) 
Combustion burner; (62) Permeable member. 
Dwg.2/5 



AN 91:60966 HCA 

TI Structure and properties of steels 16G2 and 16GFR after 

quenching and short-term tempering 
AU Frantov, I. I.; Karchevskaya, N . I.; Golovanenko, S. A.; Rudchenko, A. V. 
CS Tsentr. Nauchno-Issled . Inst. Chern. Metall., Moscow, USSR 
SO Metalloved. Term. Obrab. Met. (1979), (5), 51-3 

CODEN: MTOMAX; ISSN: 0026-0819 
DT Journal 
LA Russian 

AB Steels 16G2 [66776-06-5] and 16GFR [65803-95-4] were quenched 

at 15-100. degree. /s and tempered after heating to 640-720 . degree . at 
1-2 .degree. Is without isothermal holding. The formation of a polygonized 
martensite [12173-93-2] in 16GFR during high-speed quenching provided 
improved mech. properties: tensile strength 65-70 kg/mm2 and -45. degree, 
impact toughness 5.0 kg-m/cm2. The coalescence of carbides in 16GFR 
occurred to a greater extent than in 16G2. 



